Introduction
The CC and BN moieties are a classical example of a pair of isoelectronic and isosteric species [2] . A l though the physical properties of many boron-nitrogen and isosteric organic compounds, e.g ., borazine, ( -B H -N H -)3, and benzene, are very similar, the chemical behaviour is usually greatly influenced by the differences in the polarities of the isosteric units. On the other hand, the chemical properties of an organic species may be altered to a small extent only by the selective incorporation of a single BN unit into an organic fram ew ork, as has been documented for im inoboranes of the type R B = N R ' and acetylenes [3] . Nevertheless, the physiological and phar macological properties of such isoelectronic species may still differ considerably. This has prom pted an interest in boron-nitrogen analogues of biologically active m aterials, e .g ., boron analogues of amino acids and derivatives thereof have been studies ex tensively [4] , Uracil is an im portant constituent of many nucleic acids, but very few boron-nitrogen analogues of uracil derivatives, i.e ., l,3,5-triaza-2-boracyclohexa-4,6-diones containing the principal framework 1, are known. The limited literature on such species has been summarized earlier [5] and only three relevant studies have appeared since [6] [7] [8] . Within the course of a general study of the synthe sis of boron heterocycles and their interaction with nitrogen donor molecules, reactions of N ,N '-dimethylurea with some simple boron-nitrogen deriva tives have recently been investigated [8] , In a con tinuation of this latter work, the reaction of 1,5-dimethyl-2,4-bis(dimethylamino)-l,5-diaza-2,4-dibora-3-oxacyclohexan-6-one (2 ) with N ,N '-dim ethylurea as well as N ,N ',N "-triorganylbiurets has been found to give access to the azaborauracil derivatives l a -c. Relevant results are described here.
Results and Discussion
No reaction was observed when 1,5-dimethyl-2,4-bis(dimethylamino)-l,5-diaza-2,4-dibora-3-oxacyclohexan-6-one (2 ) was treated with N ,N '-dim ethylurea in refluxing toluene. However, when 2 w a s r e a c te d w ith e x c e s s m o lte n N .N '-d im e th v lu r e a at 190-200 °C, two m ajor types of boron-containing products were obtained. Approxim ately one half of the boron content of the originating 2 was found as the Lewis acid 1,3,5-trimethyl-2-hydroxy-1,3,5-triaza-2-boracyclohexa-4,6-dione (la ); and a mixture of the salts 5a and 5b was the other m ajor boron-contain ing product (see below).
The acid l a is a thermally stable material that melts and can be sublimed under vacuum without condensation. It is a Lewis acid and adducts of type 3 could be obtained from the interaction of l b with m ethylamine (3 a) or with dimethylamine (3 b). With triethylam ine, however, only weak complexation was observed in solution as indicated by a "B NM R signal at d = 2.2, and most of l b rem ained in free state; the acid l b was recovered quantitatively after solvent evaporation and drying of the rem ain ing solid under vacuum at am bient tem perature. These observations imply that steric factors control the therm al stability of adducts of type 3.
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As noted above, the rem ainder of the boron of the starting material 2 from its interaction with N ,N '-dim ethylurea was found as a mixture of the methylammonium (4 a) and dim ethylammonium salt The formation of these salts presents one of the relatively rare cases where a B -O bond is being bro ken in favor of a B -N bond formation.
On heating of the salts 4 a -c under vacuum, the betaine 5a was obtained. However, the thermal decomposition proceed readily (at 165 °C/10-3 Torr) only in the case of 4 c. The salt 4 a showed some decomposition at the melt ing point, but required much more forcing conditions (300 °C/10~3 Torr) than 4 c in order to obtain 5 a (which was extracted from the thermolysis product with chloroform), and the process was accompanied by the formation of unidentified by-products. The same holds true for the thermolysis of 4 b.
The betaine 5a interacted, in turn, with primary, secondary, or tertiary amines to give salts of type 4. (The salts 4 b and 4 c (only impure) of the spiroboron anion as well as 5 a have previously been obtained from the interaction of N ,N ',N "-trim ethylbiuret with tris(dim ethylam ino)borane or trimethylamineborane, respectively [5] .)
In summary, the interaction of 2 with N ,N'-dim ethylurea in the melt can be described by eq. (1).
However, some of the generated dimethylamine can take the place of methylamine in 4a leading to the observed formation of 4b. In addition, a notice able am ount of the dimethylamine also interacted with the N,N '-dim ethylurea to form N ,N ,N '-trimethylurea. This corresponds to an earlier obser vation that on heating of dim ethylam inoboranes, (CH 3)2N B R 2, with N ,N '-dim ethylurea an amino group exchange occurs with the formation of the cor responding monomethylam inoboranes and N ,N ,N '-trim ethylurea [9] .
As noted above, la is thermally stable and can be sublimed without condensation. However, the an hydride [CH3N(w -C0N CH 
As was to be expected on the basis of the above results, 2 interacted with N ,N ',N "-trim ethylbiuret in a fashion analogous to the reaction with N ,N '-dim ethylurea. The reaction proceeded extremely sluggish in boiling toluene and after 8 h reflux less than one half of the biuret had been consumed. The reaction in boiling xylene proceeded somewhat more readily but offered no advantage as compared to the reaction in the melt. Again approximately one half of the boron of the originating 2 was found as the acid l a , and the rem ainder was obtained as a mixture of the salts 4a and 4b. The urea moiety of 2 was reco vered as N ,N '-dim ethylurea but some N ,N ,N '-trim ethylurea was also formed. N ,N '-Dim ethyl-N "-ethylbiuret reacted with 2 to give the acid l b besides a mixture of ammonium salts of 4d and 4 e . The reaction of 2 with N,N"-dimethyl-N"-phenylbiuret gave identical products and in about the same ratio in toluene solution or in the melt, i.e. , the acid l c and the salt 4g; surprisingly, no form a tion of the salt 4 f was observed in this case.
The acid l b did not form isolable complexes with either m ethylam ine or dimethylamine. If the rea gents were combined in chloroform solution, only a very small signal for four-coordinate boron was ob served in the n B NMR spectrum at room tem pera ture, besides the signal of the free acid. At -40 °C, however, only one signal at 1.0 or 2.1 ppm, respec tively, was observed for mixtures of l b with methyl amine or dimethylamine, indicative of complete com plexation at low tem peratures.
The acid l c formed an isolable adduct with m ethylamine (3 c). Essentially no interaction was ob served at room tem perature between l c and di methylam ine, trim ethylam ine, or pyridine (as based on n B NM R studies).
The therm al decomposition of the salt 4g did not proceed cleanly and the free betaine 5 c could not be obtained in pure state. However, the 'H NM R spec trum of the thermolysis product suggested that the mixture contained 5c as two isomers with the (N)H located at either a N (C6H 5) (m ajority) or a N (C H 3) site (m inor product) adjacent to the boron. How ever, the mixture contained additional thermolysis products; no effort was made to separate these.
Experim ental Section
Reactions and transfers were carried out in an inert atm osphere. 1,5-Dimethyl-2,4-bis(dimethylamino)-l,5-diaza-2,4-dibora-3-oxacyclohexane-6-one (2) was obtained from the reaction of N ,N '-dim ethylurea with either tris(dim ethylam ino)borane [7] or tetrakis(dim ethylam ino)-l,3,2-diboroxane [10] ; N ,N',N"-trim ethylbiuret and N,N'-dimethyl-N"-ethylbiuret were prepared by reaction of 3,5-dimethyl-l,3,5-oxadiazacyclohexa-2,4,6-trione (obtained by a modified [11] reaction of carbon dioxide with methyl iso cyanate [12] ) with anhydrous methylamine or ethylam ine, respectively [12] ; and N,N'-dimethyl-N"-phenylbiuret was prepared from phenyl isocyanate and N ,N '-dim ethylurea [13] .
Elem ental analysis were perform ed by the Schwarzkopf Microanalytical Laboratory, Woodside, NY. Melting points (uncorrected) were deter mined in sealed capillaries on a Mel-Temp block. NM R spectra were recorded on solutions in CDC13 (unless otherwise noted) on a Varian XL-200 or VXR-400 ( nB) or GEM INI-200 ('H , 13C) instru ment. Chemical shift data are given in ppm with posi tive values indicating downfield from the reference (internal (CH 3)4Si for *H and 13C NM R, external (C2H 5)2O B F 3 for n B NM R). Abbreviations are as follows: s = singlet, d = doublet, t = triplet, q = quartet, p = quintuplet, m = unresolved multiplet; an asterisk denotes a broad signal. Coupling con stants J are given in Hz. All 13C NM R spectra were recorded in the proton decoupled mode. E l mass spectral data were obtained on a VG Z A B -2F instru m ent; data are given to m/z = 30 for 5% or greater relative abundances (in parentheses) only. The acetonitrile solution from the preceding ex perim ent (b) was evaporated to leave 1.0 g (30%) of solid m aterial which was recrystallized from acetonitrile/benzene (1:1 by volume) to give 0.6 g of pure 4b (see above). ,N "-trim ethylbiuret, and 20 ml of toluene was stirred at room tem perature for 7 days. The mixture was then heated in an oil bath of 50-60 °C for 7 h and finally refluxed overnight. An additional 50 ml of toluene was added and the insoluble material was collected, washed with toluene, and dried under va cuum to give 2.5 g (86% ) of crystalline 6, m. The mass spectrum of the product showed only traces at m /z = 324 (for the oxide) and a small cluster at m /z = 211 (for B-tris(dim ethylam ino)boroxin); the spectrum was dom inated by m lz -298 (for the betaine 5 a) and its fragm entation as well as strong peaks at m /z = 45, 44 (for dimethylamine). Indeed, heating (150-160 °C) of the m aterial under vacuum gave the salt 4b and, ultimately, the betaine 5a be sides some unidentified by-products. The acetonitrile solution was evaporated to leave ca. 1.2 g of viscous liquid. NM R data showed it to consist primarily of the salt 4e (<3 "B = -1.3 (s, h 1/2 = 30 Hz); no effort was made to purify the species).
